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FLEUR DE SEL GRIS Percent Match (%)
Halobacterium
Halobacterium sp. J 6.1.5 100
Halobacterium sp. SS6-4 100
Halobacterium noricense 100
Uncultured Halobacterium 99
Uncultured Halobacterium 99
Uncultured Halobacterium sp, clone 
SFF1D101
98
Uncultured Halobacterium sp clone 
SFF1C081
98
Halobacterium jilantaiense 98
Halorubrum
Halorubrum sp. SS5-7 16S ribosomal 
99
Halorubrum sp. Crystal-Bii-Red-U 99
Halorubrum distributum strain R464 
99
Halorubrum sp. Q81 16S 99
Halorubrum sp. AV_13S15 98
Halorubrum sp. LV_12B28 98
Uncharacterized Haloarchea Matches
Haloarchaeon CSW5.28.5 98
Uncultured archaeon partial 99
Halobacteriaceae archaeon TGN-42-S1 
99
Uncultured archaeon 99
Halobacteriaceae archaeon 98
BALINESE Percent Match (%)
Haloarcula
Haloarcula Marismortui 16S rRNA 100
Haloarcula Argentinensis 100
Haloarcula Marismortui strain ATCC 43049 
rrnC operon
100
Haloarcula Argentinensis strain SB45-
2_DGR 16S 
100
Haloarcula Hispanica  JCM8911 100
Haloarcula Haloarcula sp. CaD3 100
Haloarcula Hispanica N601 100
Haloarcula Argentinensis strain IARI-
WRAB1 
100
Halomicroarcula
Halomicroarcula Pellucida 100
Halomicroarcula Pellucida strain BNERC3 100
Abstract
Extremophiles are exceptional microorganisms that live on this planet in extraordinarily harsh
environments. One such extremophiles are Halophiles, salt-loving microorganisms that can
survive in extreme salinity levels, and have been to found to survive inside salt crystals. We were
curious is about the potential diversity of halophiles surviving in salts harvested from around the
world. For this experiment various culinary salts were suspended in a 23 % NaCl growth media
broth and allowed to grow for 4 weeks. Afterwards, the individual strains were isolated on 23 %
NaCl growth media agar plates. The colonies observed were visually diverse in color and margins.
Individual colonies were grown in broth and DNA was extracted. PCR and sequencing were
utilized to compare the 16S rRNA gene in each species of bacteria or archaea. We will present
data on the microbial diversity of the salts that did have media cultures. These salts come from 1)
salt pearls from Lake Assal Djibouti, Africa; 2 Fleur De Sel Gris Sea Salt from France, Europe; 3)
sea salt from Bali, Indonesia; and 4) salt collected from the lake bed of Great Salt Lake, Utah.
Halophiles are extremophile microorganisms which thrive in salty environments. Studies have
shown that the habitats of halophiles range from salt lakes to industrial salt ponds (DasSarma et.
Al, 2012). All of these environments are also prone to desiccation and also high levels of solar
radiation. Other research points to the mechanism of overcoming challenges of life in salt. For
example when Archea Halophiles are exposed to extreme radiation they have been seen to up-
regulation of an operon containing two single-stranded DNA-binding protein (RPA) genes,
VNG2160 (rfa3) and VNG2162 that creates DNA binding proteins (DeVeaux, 2007). The ability to
overcome multiple extremes makes halophiles a key interest in research into possible life forms
on planets. Genetic data (e.g. Almeida-Dalmet, 2015) suggests there are many undiscovered
halophile species. There could be a species that can withstand the salty environments of Mars
(Rothschild et. al., 2001)
The interest in extremophile life strategies, and the search for uncultured Halophiles led to the
testing of culinary salts. We designed an experiment to survey life in the following culinary salt
samples: 1) salt pearls from Lake Assal Djibouti, Africa; 2) Fleur De Sel Gris from France, Europe;
3) sea salt from Bali, Indonesia; and 4) salt collected from the lake bed of Great Salt Lake, Utah.
Samples of each were placed into a salt media growth to incubate. Those mixed-species cultures
were plated on agar plates of the same media, and colonies were chosen to isolate individual
species for analysis. Colonies were inoculated into fresh broth media, and grown for three weeks.
DNA was extracted from each sample that grew, and subsequently cleaned and was PCRed. The
target sequence for the PCR was the R16S rRNA gene for Halophiles. The 16S rRNA gene is a good
biomarker for relatedness due to the lack of evolutionary change that occurs in this sequence.
Small changes occur in families which allow us to determine the families of the unknown
microbes that are isolated from the cultures. Therefore the purpose of this project is to see if
known species of Halophiles can survive in culinary or environmental halite, and if a new species
of Halophiles exists in these environments as well.
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Figure 2: An isolated species growing on a solid
media plate. This plate from cultivation of the Fleur
de Sel Gris culinary salt demonstrated isolates that
were pigmented. While these were light orange,
cultivation of other salts resulted in colonies with
shades of red and yellow. Pigmentation by
carotenoid pigments is typical of halophiles.
Figure 4: Amplification of a portion of the 16S rRNA gene
(550 bp). This gel is a typical result showing the final PCR
products for several isolates.
Figure 1: An example DNA sequence dendrogram. We used this sequence information in the BLAST search 
engine  to find known matches to the determined sequences.
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Figure 3: A mixed culture plate from primary cultures. A
typical petri dish of the various species of halophilic
microorganisms that grew from the original growth media.
These colonies were isolated and were grown separately in
media broth before DNA isolation.
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Broth Cultures: Salt Crystals 
were suspended in 23 % NaCl
minimal growth media (MGM) 
broth, and incubated at 
37degrees C for 3 weeks. 
Cultures were then plated onto 
23 % MGM agar plates. They 
were incubated at 37degrees C 
for 2 weeks. 
Isolation: Individual Colonies 
(isolated species) were chosen from 
the plates and inoculated in 23% 
MGM broth. They were incubated at 
37degrees C for 2 weeks
DNA Extraction: Genomic DNA 
was extracted from the isolated 
cultures, using the Bio101 
FastDNA spin kit for soil. The 
DNA was cleaned further with 
an ethanol precipitation 
procedure. Genomic DNA was analyzed by 
electrophoresis to determine 
quality and purity. Impure 
samples were re-extracted or 
further cleaned.
PCR: 16S rRNA gene primers for 
archaea were used to amplify 
this gene from the genomic 
DNA of each isolate. Were 
added to the isolated DNA and 
put in PCR. 
PCR Samples were checked on a 
gel to look for evidence of the 
expected 550 bp PCR product. 
PCR products were cleaned with 
a Quiagen PCR Clean-up kit
DNA Sequencing: PCR products were sequenced at the USU Center 
for Integrated Biosystems. Sequence information from the resulting 
dendrogram was analyzed by the National Library of Medicine’s Basic 
Local Alignment Search Tool (BLAST) to find comparable sequences 
and analyze the possible taxons of the isolates.
Table 1. Isolate 16S rRNA gene sequences were compared to best match in BLAST database. Important to note here: Successful 
growth of halophiles was detected in 3 of the 13 different salt samples (Great Salt Lake salt, Fleur de Sel Gris, and the Balinese 
salt). This calls into question various cleaning and preparation methods of culinary salt as some are sterile, and others are not
https://regentsgenetictechnology.wikispaces.com/Gel+Electrophoresis+3-4
http://ocw.mit.edu/courses/biological-engineering/20-109-laboratory-
fundamentals-in-biological-engineering-spring-2010/labs/module-2-day-
4-prepare-expression-system/
http://www.stylepinner.com/quadrant-technique-streak-
plate/cXVhZHJhbnQtdGVjaG5pcXVlLXN0cmVhay1wbGF0Z
Q/
GREAT SALT LAKE Percent Match (%)
Halobacterium
Halobacterium sp. A1LM21 100
Halobacterium jilantaiense 94
Halobacterium noricense partial 16S rRNA
gene, isolate LV_13B11
83
Halobacterium noricense strain PeC2 83
Uncultured Halobacterium sp. partial 16S 
rRNA gene, clone SFF1D101 78
Uncultured Halobacterium sp. partial 16S 
rRNA gene, clone SFF1C081 78
Uncultured Halobacterium sp. clone 7A23 77
Halorubrum
Halonrubrum sp. LV 12B28 99
Halonubrum Orientale Strain CECT 7145 98
Haloarcula
Haloarcula hispanica strain HLR5 100
Haloarcula argentinensis strain JCM 9737 100
Haloarcula japonica gene 100
Haloarcula marismortui strain CaC3 99
Haloarcula argentinensis 99
Haloarcula argentinensis strain RR10 99
Haloarcula sp. GNN5 99
Halomicrobium
Halomicrobium sp.A191 92
Halomicrobium mukohataei strain M3-1c 90
Uncharacterized Haloarchea Matches
Haloferax mediterranei 100
Halobacteriaceae archaeon 98
Haloterrigena sp. GH35 85
Halolamina salifodinae strain JCM 18548 83
Halobacteriaceae archaeon TGN-42-S1 78
Uncultured archaeon clone XCDLW-A4 78
